Lesions of heart failure, specifically cardiac dilation or hypertrophy along with a nodular liver (chronic passive congestion) and ascites, have been found in 4-5% of aborted bovine fetuses. In this study, a group of 22 such fetuses was compared with groups of aborted fetuses without lesions of heart failure and with nonaborted fetuses obtained from a slaughterhouse. The fetuses were necropsied, tissues were taken for histopathology, and samples were collected for routine bacteriologic and virologic examinations. Liver and kidney tissue was saved for selenium analysis. Histopathologic examinations of myocardium of fetuses with cardiac failure revealed myocardial necrosis and mineralization in 7 fetuses, lymphocytic myocarditis in 5 fetuses, myocardial fibrosis in 5 fetuses, or no microscopic lesions in 5 fetuses. Mean liver selenium levels were 5.5 µmol/kg in the fetuses with heart lesions, 6.5 µmol/kg in the fetuses without heart lesions and 7.5 µmol/kg in fetuses from the slaughterhouse; these differences were statistically significant. The results suggest that selenium deficiency in bovine fetuses may cause myocardial necrosis and heart failure. This study also provides data on normal liver and kidney selenium levels in bovine fetuses from the analyses of 19 nonaborted fetuses.
Since the mid 1970s, aborted fetuses from cattle herds on the Canadian prairies have been diagnosed with signs of heart failure and/or necrotizing lesions in the cardiac muscle, suspected to be a fetal form of white muscle disease and loosely attributed to deficiencies of selenium and/or vitamin E. Chemical analyses of liver samples from 8 such fetuses carried out during 1984 and 1985 to compare selenium levels with the levels in control fetuses suggested that the selenium status was lower in the affected fetuses (unpublished observation). In Britain, the USA, Canada, and New Zealand, white muscle disease of calves and lambs has been recognized in a congenital form, 1,2,5,7-9 and numerous published studies have focused attention for the most part on selenium deficiency as a factor. Some reports associated abortion in cattle with low selenium status, 6, 15 and in selenium-deficient sheep, biochemical evidence of muscle injury has been documented in prepartum fetuses. 4 However, investigations of fetal disease caused by possible deficiencies of selenium or vitamin E have been notably lacking.
Since the 1970s, 4-5% of the bovine fetuses submitted to the diagnostic laboratories of the Western College of Veterinary Medicine have had gross lesions suggesting cardiac failure and accompanied in many by microscopic lesions of the cardiac muscle.
A study was therefore undertaken to investigate whether a relationship exists between low selenium status and abortion of bovine fetuses with lesions suggesting white muscle disease (particularly myocardial necrosis and mineralization) and with signs of cardiac failure. A secondary objective was to establish normal liver and kidney selenium levels in the bovine fetus. In a preliminary trial, we attempted to assess the degree to which measured tissue levels of selenium could fluctuate during storage of the tissue, either in the frozen state or at temperatures above freezing.
Materials and methods

Preliminary trial
Three bovine fetuses in advanced stages of gestation (>6 mo gestation) were obtained from a slaughterhouse. The livers were removed using aseptic methods, and portions were stored in sterile containers at various temperatures ( Table  1 ). The livers were sampled for selenium analysis on day 1 and at intervals of several days as indicated in Table 1 up to a maximum of 5 samplings per liver.
Fetuses
Aborted fetuses to be included in this study were selected from bovine fetuses submitted to the diagnostic laboratory of the Department of Veterinary Pathology at the Western College of Veterinary Medicine. These fetuses were from Saskatchewan and were submitted for laboratory examinations to determine the cause of abortion. These fetuses were allotted to 1 of 2 groups, and a third group was composed of nonaborted fetuses obtained from a slaughterhouse. All fetuses were 6-9 mo gestation, as determined by body weight, crown-rump length, and hair growth/distribution. 12 Group A fetuses (n = 22) had gross lesions indicative of subacute or chronic heart failure, principally dilation of the cardiac ventricles, ascites, and passive congestion of the liver. Fetuses with cardiac malformations such as ventricular septal defects were excluded. Group B fetuses (n = 21) were selected to act as a control group of aborted calves with no lesions of heart failure; the cause of abortion was determined for many but not all fetuses in this group. Group C fetuses (nonaborted, n = 19) formed a second control group.
Necropsies and ancillary tests
Fetuses in groups A and B were subjected to a thorough necropsy, and grossly visible abnormalities were recorded. Portions of thymus, lung, heart (left ventricle, right ventricle, Figure 2 . Effects of storage at temperatures above freezing on bovine fetus liver selenium levels. ventricular septum), liver, kidney, spleen, skeletal muscle, skin, and placenta (when available) were fixed in 10% buffered formalin for histopathologic examination. Lung tissue, abomasal contents, and portions of placenta (when available) were collected aseptically for routine bacteriologic and mycologic cultures. Small portions (1 x 1 x 1 cm) of liver and kidney tissue were collected for indirect fluorescent antibody tests for antigens of infectious bovine rhinotracheitis and bovine viral diarrhea viruses. Over 200 g each of liver and kidney tissue were collected and saved separately for selenium analysis. Group C fetuses were examined grossly at necropsy; any that had visible abnormalities were excluded. Heart and skeletal muscle were sampled and fixed for histopathologic assessment, as for the other groups. Liver and kidney tissues were collected as before for selenium measurements.
Tissues for histopathology from all of the groups were processed routinely, and sections were cut at 6 µm and stained with hematoxylin and eosin (HE); selected sections were also stained by Grocott's methenamine silver, Brown and Brenn, Von Kossa, and Masson's trichrome methods.
Tissue selenium analysis
For selenium analysis, acid digestion of the tissue and atomic absorption spectroscopy, using a hydride generator system, was employed. 13 Results are expressed in micromoles of selenium per kilogram of wet tissue (1 ppm = 12.66 µmol/ kg). The raw data were analyzed on a personal computer a using statistical software, b and the selenium levels (interval confetuses for liver and kidney selenium by the unpaired t-test tinuous measurements) were determined. Comparisons were and by the alternate (Welch) t-test. Statistical significance was assumed to exist when the probability of making a type made between groups and subgroups of the data: 1) groups I error was 55% (P < 0.05).
A, B, and C were compared for liver and kidney selenium levels by the Kruskal-Wallis nonparametric analysis of variante, and 2) a subgroup of group A, group A1, which consisted of those fetuses with microscopic lesions of myocardial
Results
Preliminary trial
The percentage variations of selenium levels detected are illustrated in Figures 1 and 2 . There are marked fluctuations in the measured levels for some of the livers. vere (Fig. 3) . In most cases, cardiac ventricular dilation was bilateral ( Fig. 4) ; however, in 4 fetuses it was grossly detected only on the right side. Thickening of the
Macroscopic findings
ventricular wall was seen in 4 fetuses. The liver was usually enlarged with diffuse, fine to coarse nodularity of the surface ( Fig. 7) and an accentuated lobular pat- 
Microscopic findings
The 19 fetuses of group C had no detectable histologic lesions in the cardiac and skeletal muscle. Table  2 summarizes the pathologic findings in 21 group B fetuses. Abnormalities detected in the tissue sections from 22 group A calves were as follows.
Heart. Pathologic changes detected in sections of heart muscle were of several types ( Table 3) . Necrosis of heart muscle was found in 7 fetuses, with mineralization of muscle fibers in 5 of these and skeletal muscle necrosis in 2. Necrosis and mineralization were extensive in 2 of the 7 fetuses (Figs. 8, 9) and multifocal in 4. In 1 of these 4 fetuses, the Purkinje fibers were targeted. The remaining fetus had a few foci of acute myocardial necrosis.
Lymphocytic infiltrations of the myocardium and/ or its outer and inner membranes were found in 5 fetuses. The lesions ranged from light multifocal infiltrations of lymphocytes into the epicardium or endocardium and focal involvement of the adjacent myocardium to diffuse, severe myocardial lymphocytic in- in control aborted bovine fetuses filtrations. Lymphocytic infiltrations were also detectable in the lungs, spleen, and placenta of 1 of these fetuses. In another, increased fibrous tissue between muscle fibers accompanied the cellular infiltrates.
One fetus had myocardial fibrosis as the major his- tologic lesion, which consisted of extensive apparent increase of fibrous tissue separating small, shrunken atrophic muscle cells.
The ventricular endocardium was diffusely thickened by fibrous tissue in 4 fetuses. This change was defined as endocardial fibrosis.
Microscopic examinations revealed no abnormalities in sections from 5 hearts.
Liver. Sections of liver had congestion, usually very marked, with periacinar distribution and characterized by dilation and engorgement of terminal hepatic venules and adjacent periacinar sinusoids ( Fig. 10) and atrophy of the hepatic cords. Increased fibrous tissue was a feature in severely nodular livers, characteris-tically with a diffuse distribution, and was confirmed by staining sections using Masson's trichrome method. Periacinar necrosis and hemorrhage (Fig. 10 ) was a feature in 3 fetal livers. Four livers had evidence of inflammation, consisting of portal infiltrations of lymphocytes and a few granulocytes.
Thymus. Atrophy, characterized by depletion of lymphocytic cells and reduction in thickness of the cortex, was detected in 9 of the 22 fetuses in this group.
Kidneys. Diffuse congestion was seen in most kidneys. In 4 fetuses, there were large amounts of oxalate crystals visible within the renal tubules and necrosis of epithelial cells of the convoluted tubules was detected in 2 of these fetuses. The kidneys of 1 fetus with oxalates were abnormally developed (dysplastic).
Spleen. Abnormalities detected were excessive numbers of megakaryocytes in the splenic pulp (4 fetuses), hyperplasia of lymphoid tissues (3 fetuses), and atrophy of lymphoid tissues (2 fetuses).
Lungs. Interstitial pneumonia was diagnosed in 5 fetuses; 4 of these had thickened hypercellular alveolar septa, and 1 had hyperplastic lymphoid tissue around the bronchioles. Bronchopneumonia was diagnosed in 1 fetus, manifested as infiltration of the bronchioles and alveoli by neutrophils. 
Placenta. Three fetuses had infiltrations of mononuclear cells into the tissues of the placenta (allantochorion).
Other lesions. Some lesions were each identified in a single fetus: 1) focal necrosis in the brain with mineralization, 2) focal mild dermatitis, 3) a hematocyst in the atrioventricular valve, 4) intestinal atresia, 5) anemia with icterus, and 6) intrauterine growth retardation.
Microbiology
No bacterial, fungal, or viral causes of abortion were found in 21 of the 22 group A fetuses. The remaining fetus was infected with fungi of the genera Aspergillus and Mucor; this fetus had dermatitis and bronchopneumonia attributed to infection with these fungi.
The infectious agents identified in the tissues of group B fetuses or their placentae are tabulated in Table 2 .
Tissue selenium analysis
Liver and kidney levels of selenium were measured in all of the fetuses with the exception of 1 group A fetus for which only the liver analysis is available. The mean selenium levels measured in the fetal livers and kidneys are tabulated in Table 4 by group, including subgroup A1.
Statistical analysis
No significant differences between groups were detected for kidney selenium levels (P > 0.05). However, a significant difference in liver selenium levels was found among groups A, B, and C (P < 0.05). Comparison between the fetuses of subgroup Al, which had histologic lesions of myocardial necrosis and mineralization, and the group C control fetuses (Table 4 ) also revealed a statistically significant difference for liver selenium (P < 0.05) but not for kidney selenium. 
Preliminary trial
Discussion
There is great variation in the recorded fluctuations in liver selenium between portions of liver from dif- Table 4 . Levels of selenium (µmol/kg*) in liver and kidney (wet weight) for groups of bovine fetuses. ferent animals maintained under identical or comparable conditions. Increases are more likely to occur and in two instances are much greater than any decrease recorded. The aborted fetuses were often unavoidably delayed in transit to the laboratory; many had been frozen and thawed. Others were exposed to warm temperatures, either in the dam's uterus, if the fetus was not immediately expelled following fetal death, or during transport to the laboratory. Autolysis was therefore often present. The purpose of the preliminary trial was to provide some indication of the effect of freezing or autolysis on the measured levels of selenium in tissue.
The results indicate that tissue selenium levels might be inflated or reduced as a result of these factors (Figs.  1, 2) . Based on the results of the preliminary trial, storage could significantly inflate selenium values, but any loss of selenium activity would be of a lower order, and we could anticipate that increases should more than compensate for decreases.
The tissues taken for analysis from the nonaborted (group C) fetuses were obtained within 2 hours of death and were stored at -20 C for up to 2 days before analysis. Fluctuations due to storage are therefore much less likely in this group.
Selenium levels in fetal tissues
Normal levels of selenium in liver and kidney tissue of bovine fetuses were derived from the analyses done on nonaborted fetuses from the slaughterhouse ( Table  4 , group C). The mean (± SD) liver selenium of 7.5 ± 5.2 µmol/kg (0.59 ± 0.41 ppm) for nonaborted (group C) fetal livers is approximately twice the amount stated previously 10 to be "adequate" for a bovine fetus and lies between the "adequate" and "high" categories for postnatal cattle. 10, 11 It is also significantly higher than the 4.9 ± 6.1 µmol/kg (0.39 ± 0.48 ppm) found in 118 nonaborted bovine fetuses, six of which were in the second trimester of gestation, 14 but is in close agreement with the levels reported for 39 third-trimester fetal bovine livers from Saskatchewan cattle. 3 These comparisons indicate that in the geographic area surveyed liver levels of selenium in the normal bovine fetus can be expected to be often higher than accepted adequate values for postnatal cattle.
The results of this investigation, in common with those of a recent study, 14 show very wide variation in liver selenium as compared with kidney selenium levels, which is important in the assessment of a single liver selenium value as an indicator of selenium status in a fetus. The results for the normal control fetuses ranged from 1.9 to 27.5 µmol/kg (0.15 to 2.17 ppm), which indicates that a wide normal range of values for liver selenium exists in all group classifications of fetuses. The 7 fetuses of group Al (Table 4 ) had a liver selenium concentration of < 7 µmol/kg (0.55 ppm).
Given the high and low values contained in the data on liver selenium, the one-way analysis of variance could be considered unsuitable for statistical analysis and use of a nonparametric test such as the Kruskal-Wallis test can be justified on this basis.
In view of the variability of selenium in the livers, with significant overlapping of the values among groups A, B, and C, caution is needed when interpreting results for an individual fetus. In most circumstances, an individual analysis will not be helpful without other supporting evidence.
Conclusions
The differences in the liver selenium levels among the groups tested supports the following conclusions. First, aborted fetuses, on average, have lower selenium status than do nonaborted fetuses. Second, aborted fetuses with lesions indicating cardiac failure have lower selenium status than aborted fetuses without these lesions. This difference is exaggerated by selecting from the group with cardiac failure a subgroup with specific microscopic lesions in the heart muscle, i.e., necrosis and mineralization.
However, a single measurement of liver selenium from 1 fetus is not a reliable means of assessing selenium status. Multiple measurements from several fetuses would provide a more reliable assessment.
In the absence of analytical data for selenium, pathologic indicators, namely cardiomegaly, ascites, and a nodular liver, are suggestive of a low selenium status in bovine fetuses from Saskatchewan, particularly if there is microscopic evidence of myocardial necrosis and mineralization.
